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©  Gas  laser  device. 

©  In  a  gas  laser  device  according  to  this  invention, 
a  gas  inlet  (5)  having  an  electrode  (8)  protrudes 

{^within  each  of  expanded  portions  (15)  protruding  on 
^ t h e   side,  where  the  gas  inlet  is  disposed,  of  the 
^principal  portion  of  the  discharge  tube  (I).  Gas  me- 
^.dium  (7)  ejected  from  the  gas  inlet  (5)  in  the  princi- 
LOpal  portion  of  a  discharge  tube  (I)  collides  with  the 
pinner  surface  of  the  principal  portion  of  a  discharge 
{vjtube  (I),  while  forming  a  flame  (20)  extending  along 
Mthe  ejected  gas  medium  from  the  electrode  (8)  and 
q   is  divided  into  two  partial  flows  (7A,  7B).  One  (7B)  of 

them  flows  along  the  wall  of  the  expanded  portion  - 
^J(I5);  collides  with  the  gas  inlet  (5);  and  is  divided 

further  into  two  partial  flows.  Therefore  it  does  not 
collide  with  the  gas  medium  (7)  within  the  gas  inlet  - 

(5).  Consequently  the  gas  medium  (7)  and  the  flame 
fluctuate  hardly  and  are  stabilized.  In  this  way  it  is 
possible  to  stabilize  the  laser  output. 
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GAS  LASER  DEVICE 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  a  gas  laser  device,  in 
which  the  neighborhood  of  the  gas  inlet  for  feeding 
its  principal  discharge  portion  with  gas  flow  is  im- 
proved. 

Recently  a  small  size  and  high  power  high 
speed  axial  flow  type  gas  laser  using  a  Root's 
blower  has  been  developed  and  utilized  for  laser 
working.  In  order  to  increase  the  output  power  with 
a  small  size  laser  device,  it  is  necessary  to  in- 
crease  the  gas  pressure  of  the  laser  medium.  For 
obtaining  a  stable  glow  discharge  with  a  high  gas 
pressure,  use  is  made  of  means  for  ejecting  the 
laser  medium  through  a  nozzle  or  a  slit  with  a  high 
speed  so  as  to  expand  it  rapidly.  This  is  described 
e.g.  in  JP-A-49-122997,  JP-A-58-178579,  JP-A-60- 
70786  (corresponding  to  US  application  SN  518,700 
filed  on  July  29,  1983),  etc. 

In  these  prior  art  techniques  using  discharge  in 
a  high  pressure  gas  there  was  a  problem  that  laser 
output  fluctuated,  e.g.  it  varied.  Fluctuations  in  laser 
output  mean  not  only  fluctuations  of  the  magnitude 
of  the  laser  output  but  also  those  in  intensity  dis- 
tribution.  Thus,  a  prior  art  laser  device  had  a  dis- 
advantage  that  according  to  measurement  results 
of  the  fluctuations  by  means  of  a  beam  analyzer 
the  frequency  of  the  fluctuations  was  comprised 
from  several  tens  of  Hz  to  several  kHz  where 
components  at  the  neighborhood  of  I  kHz  were 
predominant;  and  that  the  laser  output  varied  so 
strongly  that  the  intensity  of  the  fluctuations 
amounted  to  about  50  %  of  that  of  the  laser  beam 
without  fluctuations. 

SUMMARY  OF  THE  INVENTION 

An  object  of  this  invention  is  to  provide  a  gas 
aser  device  having  a  stable  laser  output. 

In  order  to  achieve  this  object,  a  gas  laser 
device,  according  to  this  invention,  has  an  ex- 
Danded  portion,  which  is  part  of  the  principal  part 
Df  the  discharge  tube,  expanded  towards  the  gas 
nlet  so  that  the  gas  inlet  provided  with  an  elec- 
rode  protrudes  in  the  expanded  portion. 

The  gas  medium  ejected  from  each  gas  inlet  in 
fie  principal  portion  of  the  discharge  tube  collides 
with  the  wall  of  the  principal  portion  of  the  di- 
scharge  tube  while  forming  a  flame  from  the  elec- 
xode  along  the  ejected  gas  medium  and  thus  it  is 
divided  into  two  partial  flows.  The  divided  partial 
gas  medium  flows  collide  with  the  gas  inlet.  Con- 
sequently  they  do  not  collide  with  the  gas  medium 

within  the  gas  inlet.  Since  the  gas  medium  and  the 
flame  hardly  fluctuate  and  they  are  stable,  the  laser 
output  can  be  stabilized. 

5 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Rg.  I  is  a  schemafjcal  side  view  of  a  gas 
laser  device,  which  is  an  embodiment  of  this  irtven- 

70  tion; 
Rg.  2  is  a  longitudinal  cross-sectional  view 

of  the  neighborhood  of  the  expansion  chamber  in 
Rg.  I; 

Rgs.  3A  and  3B  are  a  characteristic  curve 
75  representing  variations  of  the  laser  beam  according 

to  this  invention  and  a  longitudinal  cross-sectional 
view  of  the  anode,  respectively;  and 

Rgs.  4A  to  4D  are  longitudinal  cross-sec- 
tional  views  of  the  neighborhood  of  the  expansion 

20  chamber  in  other  embodiments  of  this  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

25 
Hereinbelow  an  embodiment  of  this  invention 

will  be  explained,  referring  to  Rgs.  I  and  2. 
The  principal  portion  of  a  discharge  tube  I  has 

a  reflecting  mirror  2a  and  an  output  mirror  2b  at  its 
30  two  ends  and  ring-shaped  cathodes  3a,  3b  are 

disposed  at  the  central  portion,  which  are  opposed 
to  the  mirrors  2a,  2b.  Both  the  ends  and  the  central 
portion  of  the  principal  part  of  the  discharge  tube  I 
are  connected  to  a  gas  flow  path  4.  The  gas  flow 

35  path  4  forms  the  gas  inlets  5  and  the  gas  outlet  6. 
The  gas  medium  7,  e.g.  C02,  N2,  He,  flows  in  the 
direction  indicated  by  an  arrow  X  in  the  gas  flow 
path.  When  voltages  are  applied  from  high  voltage 
DC  power  sources  9A  and  9B  between  the  anodes 

40  8  disposed  at  the  gas  inlets  5  and  the  cathodes  3a, 
3b,  electric  power  deposited  in  the  gas  medium  7 
flowing  through  glow  discharge  domains  10  formed 
between  the  electrodes  is  transformed  into  a  laser 
power  in  the  beam  II.  The  laser  beam  II  is  taken  out 

45  through  the  output  mirror  2b.  The  gas  medium  7 
warmed  in  the  flow  discharge  domains  circulates 
again  through  the  gas  outlet  6  to  the  gas  flow  path 
4.  The  gas  medium  7  is  cooled  in  a  first  heat 
exchanger  I2A  and  sent  by  a  blower  13,  e.g.  Root's 

50  blower  to  a  second  heat  exchanger  I2B.  The  first 
and  the  second  heat  exchanger  I2A,  I2B  and  the 
blower  13  are  disposed  on  the  central  tube  4A  of 
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the  gas  flow  path  4.  The  gas  medium  7  cooled  by 
the  second  heat  exchanger  I2B  flows  through  the 
gas  flow  path  4  and  is  ejected  through  the  gas  inlet 
5  in  each  of  the  expansion  chambers  14. 

Each  of  the  expansion  chambers  14  is  an  ex- 
panded  portion  of  the  principal  portion  of  the  di- 
scharge  tube  I,  which  is  formed  in  an  ellipsoid 
expanded  in  the  gas  inflow  direction  and  the  direc- 
tion  opposite  thereto.  Each  of  the  expansion  cham- 
bers  14  consists  of  a  lower  expanded  portion  15 
near  the  gas  inlet  and  an  upper  expanded  portion 
16,  which  is  opposite  thereto.  The  two  expanded 
portions  are  so  formed  that  they  are  symmetric 
with  respect  to  the  axis  of  the  principal  portion  of 
the  discharge  tube  I.  The  lower  expanded  portion  15 
is  expanded  outward  from  the  inner  surface  IA  of 
the  principal  portion  of  the  discharge  tube,  i.e.  it 
protrudes  outward.  A  nozzle  17  is  inserted  in  the 
gas  inlet  5  in  the  lower  expanded  portion  15.  Within 
the  nozzle  17  is  formed  a  hole  18,  which  is  con- 
nected  with  the  gas  flow  path  4.  Within  the  hole  18 
is  disposed  a  rod-shaped  anode  8.  The  lower  end 
of  the  anode  8  is  bent  in  an  L-shape  and  the  anode 
is  mounted  on  the  inner  surface  of  the  nozzle  17  or 
the  gas  flow  path.  The  nozzle  17  and  the  anode  8 
protrude  partly  into  the  lower  expanded  portion. 

The  size  of  the  protrusion  of  the  nozzle  17  and 
that  of  the  anode  8  are  so  chosen  that  no  parts  of 
the  nozzle  17  and  the  anode  8  protrude  beyond  the 
inner  surface  la  of  the  principal  portion  of  the  di- 
scharge  tube  therein,  i.e.  in  the  laser  beam  path. 
The  extremity  or  end  of  the  anode  is  disposed 
usually  nearer  to  the  inner  surface  of  the  principal 
portion  of  the  discharge  tube  than  the  extremity  or 
end  of  the  nozzle  17.  However  the  anode  may  be 
so  formed  that  its  extremity  is  at  the  same  hight  as 
the  extremity  of  the  nozzle  17. 

Next,  the  gas  medium  7  in  the  hole  or  aperture 
18  is  ejected  in  the  expansion  chamber  14.  The 
ejected  gas  medium  7  elongates  upward  the  ig- 
nited  flame  20  on  the  anode  8  and  forms  it  in  a 
shape  similar  to  that  of  a  flame  of  candle.  At  the 
same  time  the  ejected  gas  medium  7  forms  a 
potential  core  21,  whose  diameter  becomes  smaller 
with  increasing  distance  from  the  nozzle  17  to  the 
ceiling  surface  I6A  of  the  upper  expanded  portion 
16.  Then,  the  ejected  gas  medium  7  collides  with 
the  ceiling  surface  I6A  and  is  divided  into  two 
partial  flows  of  different  directions.  One  7A  of  the 
partial  flows  of  the  gas  medium  flows  to  the  glow 
discharge  domain  and  the  other  7B  circulates  along 
the  inner  surface  of  the  expansion  chamber,  then 
collides  with  the  nozzle  17  along  the  inner  surface 
of  the  lower  expanded  portion  15,  flows  around  the 
nozzle  17  and  finally  flows  to  the  glow  discharge 

domain  10.  As  the  result,  only  a  small  portion  of  the 
partial  flows  7B  of  the  gas  medium  collides  with  the 
gas  medium  7  or  the  potential  core  21  in  the  lower 

expanded  portion.  Since  the  gas  medium  7  or  the 
potential  core  21  do  not  fluctuate  much,  the  flame 
20  also  does  not  fluctuate.  Thus,  it  is  slender  and 
long  and  it  elongates  straight.  Consequently  the 

5  glow  discharge  domain  10  also  does  not  oscillate 
and  is  stable.  Therefore  the  laser  beam  II  emitted 
through  the  output  mirror  2b  fluctuates  only  slightly 
and  its  output  power  is  always  stable.  The  in- 
ventors  of  this  invention  have  observed  that  the 

70  fluctuations  of  the  laser  beam  were  reduced  to 
about  1/10  according  to  this  invention  with  respect  to 
those  observed  according  to  the  prior  art  tech- 
niques. 

When  the  extremity  of  the  anode  8  and  that  of 
75  the  nozzle  17  are  located  at  the  same  level  as  or 

lower  than  the  inner  surface  IA  of  the  principal 
portion  of  the  discharge  tube,  they  do  not  hinder 
the  laser  beam  path  and  consequently  they  do  not 
decrease  the  laser  output  power. 

20  In  particular,  when  the  extremity  of  the  anode  8 
is  located  nearer  to  the  inner  surface  of  the  princi- 
pal  portion  of  the  discharge  tube  than  the  extremity 
of  the  nozzle  17,  a  part  of  the  glow  discharge 
domain  10  touches  hardly  the  extremity  of  the  noz- 

25  zle  17  and  the  extremity  of  the  nozzle  is  hardly 
destructed  thermally.  In  this-  way  the  life  of  the 
nozzle  17  is  elongated  and  at  the  same  time  the 
part  of  the  glow  discharge  domain  10  near  the 
extremity  of  the  anode  8  is  stabilized  and  the  laser 

30  output  power  can  be  increased. 
Next  the  relation  between  the  geometry  of  the 

extremity  of  the  anode  8  and  the  nozzle  17  and 
fluctuations  of  the  laser  output  power  will  be  ex- 
plained  below,  referring  to  Figs.  3A  and  3B. 

35  The  abscissa  in  Fig.  3A  represents  the  ratio  of 
the  distance  H  between  the  extremity  of  the  anode 
8  and  the  extremity  surface  I7A  of  the  nozzle  17  to 
the  diameter  d  of  the  nozzle  as  indicated  in  Rg. 
3B,  which  distance  is  increased  successively.  The 

40  ordinate  indicates  the  ratio  APL/PU  of  fluctuations 
APL  of  the  laser  beam  to  the  average  output  power 
PL  of  the  laser  beam.  Taking  the  relation  betweel 
H/d  and  APl/Pl  into  account,  it  can  be  understood 
that  it  is  desirable  that  H/d  satisfies  the  following 

45  condition 
0  <  H/d  <  0.2  ...  (I) 

This  reason  is  as  follows.  When  H/d  is  greater 
than  0.2,  the  ejected  gas  medium  is  subjected  to 
bad  influences  of  the  partial  gas  medium  flow  7B 

so  and  APl/Pl  becomes  greater  than  0.5,  what  means 
that  fluctuations  are  large.  When  a  workpiece  is 
worked,  e.g.  cut,  with  a  laser  beam,  whose  output 
fluctuates  considerably,  the  cut-off  surface  of  the 
workpiece  is  uneven  and  the  worked  piece  cannot 

55  be  usable.  Further,  when  H/d  is  smaller  than  0,  i.e. 
the  anode  8  does  not  protrude  beyond  the  extrem- 
ity  of  the  nozzle,  but  it  is  located  entirely  within  the 
nozzle,  a  part  of  the  glow  discharge  produced  at 

3 
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the  anode  8  may  be  brought  into  contact  with 
nozzle  and  the  glow  discharge  fluctuates.  As  the 
result  the  output  power  of  the  laser  beam  becomes 
unstable  and  the  nozzle  may  be  destructed  ther- 
mally. 

Other  embodiments  of  this  invention  will  be 
explained  below,  referring  to  Rgs.  4A  to  4D. 

In  the  device  indicated  in  Rg.  4A,  another 
nozzle  I7A  is  disposed  outside  of  the  nozzle  17  so 
that  a  cylindrical  hole  I8A  is  formed  between  the 
nozzles  17  and  17A.  In  this  way  the  total  cross- 
section  of  the  holes  18  and  I8A  can  be  increased 
and  thus  it  is  possible  to  reduce  the  whole  pres- 
sure  loss  in  the  gas  inlet  5.  Consequently  the  gas 
flow  rate  and  the  output  power  of  the  laser  beam 
can  be  increased.  Further,  at  the  same  time,  since 
the  gas  medium  coming  from  the  peripheral  hole 
flows,  surrounding  the  potential  core  21,  what  has 
an  effect  that  the  potential  core  is  hardly  disturbed. 

In  the  device  indicated  in  Rg.  46  the  expanded 
portion  15  protruding  outward  is  formed  only  at  the 
neighborhood  of  the  gas  inlet  5  of  the  principal 
portion  of  the  gas  discharge  tube  I.  In  the  device 
indicated  in  Rg.  4C  the  expansion  chamber  I4A  is 
a  rectangular  parallelepiped.  In  the  device  indicated 
in  Rg.  4D  the  anode  8  is  disposed  outside  of  the 
nozzle  and  extended  to  the  vicinity  of  the  central 
axis  of  the  cylindrical  hole  18.  In  any  case  an  effect 
similar  to  that  described  above  can  be  achieved. 
Thus,  the  object  of  this  invention  can  be  achieved 
by  disposing  any  expanded  portion  at  least  on  the 
gas  inlet  side  of  the  expansion  chamber,  but  a 
greater  effect  can  be  obtained,  if  the  expansion 
chamber  is  a  sphere,  an  oval  or  an  ellipsoid,  which 
is  symmetric  with  respect  to  the  central  axis  of  the 
discharge  tube.  Further  it  is  a  cylindrical  nozzle 
that  has  most  excellent  characteristics,  but  a  ta- 
pered  inner  or  outer  periphery  has  an  effect  and  its 
cross-sectional  form  may  be  other  than  a  circle. 

Furthermore,  the  nozzle  17  may  protrude  be- 
yond  the  inner  surface  of  the  principal  portion  of 
the  discharge  tube  in  such  an  extent  that  it  does 
not  hinder  the  laser  beam  path.  In  this  case  it  is 
desirable  that  the  inner  diameter  of  the  principal 
portion  of  the  discharge  tube  at  the  neighborhood 
of  the  nozzle  is  greater  than  that  at  the  glow  di- 
scharge  domain. 

As  explained  above,  the  gas  laser  device  ac- 
cording  to  this  invention  can  stabilize  the  laser 
output  power. 

trodes  passes  through  a  gas  discharge  domain 
produced  between  the  electrodes,  characterized  in 
that  it  comprises: 
expanded  portions  (15)  protruding  on  the  side, 

5  where  the  gas  inlet  (5)  is  disposed,  of  the  principal 
portion  of  said  discharge  tube; 
a  gas  inlet  (5)  protruding  in  each  of  said  expanded 
portions;  and 
an  electrode  (8)  disposed  at  the  neighborhood  of 

70  said  gas  inlet  (5). 
2.  A  gas  laser  device,  in  which  laser  beam  is 

generated,  when  gas  medium  flowing  from  at  least 
one  gas  inlet  to  a  gas  outlet  disposed  in  the 
principal  portion  of  a  discharge  tube  having  elec- 

75  trodes  passes  through  a  gas  discharge  domain 
produced  between  the  electrodes,  characterized  in 
that  it  comprises  at  least  one  gas  inlet  (5)  and  an 
electrode  (8)  disposed  within  said  gas  inlet,  where- 
by  the  height  H  of  said  electrode  extending  to- 

20  wards  the  interior  of  the  principal  portion  of  said  di- 
scharge  tube  (I)  measured  from  the  extremity  of 
said  gas  inlet  (5)  and  the  inner  diameter  d  of  said 
gas  inlet  (5)  satisfy  the  following  condition; 
0  <  H/d  <  0.2  . 

25 
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Claims 

1.  A  gas  laser  device,  in  which  laser  beam  is  55 
generated,  when  gas  medium  flowing  from  at  least 
one  gas  inlet  to  a  gas  outlet  disposed  in  the 
principal  portion  of  a  discharge  tube  having  elec- 

4 
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